Using the enterprise's valve as the research object, the research shows the characteristics of the flow field and noise of the valve. The theory of LES and Lighthill acoustic analogy is applied to study the flow noise characteristics of 100% opening and 70% opening of valve in the same flow. The result shows that the region of variation about pressure and velocity is concentrated in the valve sleeve window. The sound pressure spectrum characteristics of the same group of monitoring points are similar, when they are in low frequency. Acoustic pressure amplitude is relatively small, when monitoring points are in high frequency. When the valve opening decreases, because of the throttle effect of valve windows, the whole dB SPL of valve becomes strong. The noise outside of valve has dipole characteristics.
INTRODUCTION
Valve is widely used in industry. Noise has become a big risk when valve is in the work. Noise and vibration also affect the function of valve and can cause fatigue of adjacent piping and equipment, which will reduce the service life. Therefore, how to control the noise of valve becomes an important branch of valve research.
Depending on its causes, valve noise can be divided into vibration noise, cavitation noise, fluid channel noise and water hammer noise. Fluid channel noise accounts for a sizeable proportion of the noise in entire pipeline transmission system. When fluid pass the valve, the situation of liquidity changes a lot. Because of the throttling of valve, the fluid in the valve will cause the phenomenon of intense stirring and impact. Computing simulation of current research on the valve noise is less. Wei Huajun combine the basic principles of fluid mechanics and Lighthill quadruple source theory to study the valve noise of low-speed flow duct, and then get the distribution of valve noise sound source [1] . Liu Cuiwei analyzes the noise characteristics of the valve in the gas transmission pipeline, which shows that the noise of valve has dipole characteristics [2] . Liu Shaogang uses Fluent to analyze the flow characteristics of gate valve, and puts forward to the optimization method of reducing flow noise [3] . The simulation of noise now mainly uses Acoustics module of FLUENT. But this module cannot solve the noise of external of valve, which is very important.
Based on LES and Lighthill [4] acoustic analogy theory, this analysis uses FLUENT and ACTRAN to study turbulence noise when fluid flow through the valve and radiated noise of pipeline downstream direction and outer wall of pipe.
THE MODEL OF VALVE

Valve Structure Model and Grid
The enterprise's valve is one of control valve. The structure is shown in Fig. (1) . The parameters of valve are shown in Table 1 . It uses ICEM / CFD to generate computational grid of fluid and acoustic. Consider the complexity of the valve structure and workload of mesh generation, it uses unstructured grids. The fluid computational grid is shown in Fig. (2) and the acoustic computational grid is shown in Fig.  (3) . 
Basic Calculation Equations of Fluid Mechanics
It uses separate solver and explicit linear format, when valve is imported to FLUENT. The flowing medium of enterprise's valve is water and there is no heat transfer process. Therefore, the valve can be treated as threedimensional numerical calculations of incompressible fluid. The liquidity meets mass conservation law, the law of conservation of momentum and energy conservation law [5] .
Continuity Equation
Continuity equation is the mass conservation equation; the mass conservation equation which is come out of the continuity equation can be expressed as: The mass of infinitesimal in per unit of time is equal to the net mass of the micro unit.
Momentum Conservation Equation
Momentum conservation law is the law that any flow system should meet. For an incompressible fluid, when it is introduced into Newton shear stress formulas and N-S expressions, then it can get three velocity components of the momentum equation.
Turbulence Model
In this paper, the standard K − ε model is used in steady calculation and LES is used in unsteady calculation. The standard K − ε model is based on the transport equation of the turbulent kinetic energy W a = η turb w m r w and dissipation rate r w . The equation is expressed as:
Large Eddy Simulation [6] is a spatial averaging of turbulent fluctuations(or turbulent vortex). The vortexes of large-scale and small-scale are separated by some kind of filter function. Large-scale eddy uses direct simulation and small-scale eddy is closed by model. The basic assumption is: 1. Momentum, energy, quality, and other scalar are mainly transported by large eddy; 2. The flow geometry and boundary conditions determine the characteristics of large eddy, and flow characteristics mainly behave in large vortex; 3. Small-scale vortices are less affected by the geometry and boundary conditions and isotropic. In the process of large eddy simulation, large eddy can be directly solved and smallscale vortex solved by simulation, so the demand of grid is lower than DNS. Large Eddy Simulation equation is expressed as:
It uses standard Smagorinsky model of large eddy simulation in this article. This model was proposed in 1963 by the Smagorinsky [7] . Smagorinsky model has been widely used since it proposed, because the concept of this method is simple and easy to implement [8] .
FW-H Aeroacoustics Model
After Lighthill (Lighthill) 
Right side of the FW-H equation is corresponding to three sound source terms [2] . The first term is monopole sound source, which is caused by the surface acceleration (fluid displacement distribution). The second term is dipole sound source, which is caused by solid surface acting the fluid surface. The third term is quadruple sound source, which is caused by the stress tensor of wake shear layer. For the valve studied in this paper, the strength of monopole source is related to the level speed of valve rigid surface. So it can be ignored. Since the strength of the quadruple and dipole sound source sound source is proportional to the square of the Mach number [9] . The fluid flow rate in this study is small, so Mach number is very small. Therefore, quadruple sound source can also be ignored. Thus, the main consideration of this sound source is dipole sound source.
THE ANALYSIS OF FLOW FIELD
CFD Analysis of Flow Field
The CFD analysis choose ICEM / CFD to generate grid of valve, and then import the grid into FLUENT to do numerical calculations. The boundary conditions include that the dielectric material is water, temperature is 32.5℃, the density of the medium is 998 ㎏/m³ and the motion viscosity coefficient is υ =1.0 × 10e-6m ² /s. The inlet boundary condition is mass flow inlet and the outlet boundary condition is pressure outlet. The wall condition of inner surface and the solid surface of valve are no slip. Steady calculation uses standard K − ε model. When the flow reaches to steady, large eddy simulation models is used to do unsteady calculation [10] . The time step of large eddy simulation is 1×10e-5s.
This analysis of flow field mainly study the difference between opening degree of 100% and 70% opening of valve. when valve is in the same inlet conditions. Fig. (4) is the pressure distribution of 100% opening of value at Z = 60. It can be seen from the figure that region of variation of pressure are mainly in the import and export position of the sleeve window. So this position is easy to be cavitation. The pressure distribution of valve is symmetrical. Fig. (5) is the pressure distribution of 70% opening of value at Z = 60. Comparison of the two distribution of pressure, it can be seen that the smaller window of sleeve is substantially closed by spool and the fluid cannot pass through. So fluid primarily passes through three main windows of the sleeve. This is the reason that pressure change of 70% opening is mainly concentrated in the three main windows. However, pressure change of 100% opening has occurred in the main window and the surrounding. . (7) . Velocity distribution of 70% opening in Y=0mm. Fig. (6) is the speed distribution of 100% opening of value at Y = 0. As can be seen from the figure, the changes of fluid flow rate are mainly concentrated in the window of the valve sleeve. In addition, when the fluid passes through the window, the collision and the vortex are formed by different speeds, which increases the flow resistance, and reduces the valve flow capacity. Fig. (7) is the speed distribution of 70% opening of value at Y = 0. Due to the reduction of liquidity window, fluid flow is hinder and the change of speed is relative decreased in the outlet of window and spreads to the lower half of the value.
Experimental Verification
According to the national standard GB / T 17213.9-2005 (industrial process control valves Part 2-3: Flow capacityTest procedures) [11] , this research builds the test bench which is shown in Fig. (8) . It can measure basic parameters of the flow characteristics of the valve by the bench. 
Based on test data, the flow coefficient respectively of 100% opening and 70% opening are 569.3 and 301. According to the analysis of the flow field, he flow coefficient of 100% opening and 70% opening are shown in Table 2 .
Compare to the experimental data, taking into account of the error about simulation and experiment, when the error is less than 6%, the simulation results are correct [12] . This shows that the choice of CFD Simulation model has high accuracy. 
THE ACOUSTIC ANALYSIS OF VALVE
When fluid passes through the valve, it can form vortex. Then vortex form pulsating pressure in the valve, what can cause strong dipole sound source characteristic. The data which is calculated by FLUENT can be an initial condition of ACTRAN analysis. According to GB / T 17213.16-2005 (Noise Prediction Method of hydraulic flow through control valves), the positions of noise of control valve are generally at 1m downstream of valve and 1m away from the wall. In order to better describe the spectral characteristics of inner piping and the external air, it sets two monitoring points. The first set of monitoring points: located at the downstream of the valve in X = -1.318m, as shown in Fig. (9) . The second set of monitoring point: located out of valve in 1m, four monitoring points, the coordinates are 0,1,0 , 0, −1,0 , 0,0,1 , 0,0, −1 , as shown in Fig. (10) .
For the first group of monitoring point, it choose point 1,3,5,7 to be a part and point 2,4,6,8 to be another part.
The sound pressure spectrum of 100% opening is shown in Figs. (11, 12) .
It can be seen from Figs. (11, 12) that: (1) When the frequency is less than 2500HZ, the distribution of sound pressure at different frequencies is similar. With increasing frequency, the sound pressure distribution of different monitoring points shows huge difference and behaves as a fluctuation messy situation.
(2) Noise level of monitoring point within the valve substantially fluctuates between 20 to 140db. The band is wide and there is no obvious main frequency. Thus, the noise of valve is a broadband noise.
The amplitude of sound pressure and the range of fluctuations are relatively large when monitoring points are at low frequency. But with increasing frequency, amplitude and fluctuations become smaller. It can be seen that the energy of noise at low frequency is higher than at high frequency.
Compare to sound pressure spectrum of 70% opening (Figs. 13, 14) , it can be seen that the fluctuation range of 70% opening is between 40 to 160db, which is larger than 100% opening. The reason is that when the degree of opening of valve reduces, the turbulence intensity, speed and pressure fluctuations are correspondingly increasing, which leads to the increase of noise pressure amplitude. This point is same as the analysis of flow field. Same as the above analysis, the pressure spectrum of second set of monitoring point is shown in Fig. (15) .
According to the acoustic pressure spectrum, it can be obtained that, when the frequency is approximately at 257Hz, 692Hz, 1449Hz, 2152Hz, 3170Hz, 4127Hz, 4482Hz, the sound pressure is at the crest. Then the sound directivity characteristics of these frequencies are shown in Fig. (16) . As can be seen from the figure, the sound directivity is regular and symmetrical, when noise is at low frequencies. With increasing frequency, the rule of sound directivity becomes worse. But generally, the distribution of sound directivity is symmetric, which indicates that the noise has dipole characteristic. The sound directivity characteristics of 70% opening (Fig. 17) can be gotten by the same method. As can be seen, the dipole sound source characteristic of small opening of valve is better than the larger opening. The reason is that turbulence intensity of small opening is relatively large and the interaction between the solid surface and the fluid surface is more obvious. Fig. (13) . Sound pressure spectrum of 70% opening. Fig. (14) . Sound pressure spectrum of 70% opening. Fig. (15) . Sound pressure spectrum of the second monitoring points.
After the calculation of ACTRAN, the contour of sound pressure of 100% opening is shown in Fig. (18) As can be seen, the peak of sound pressure is in the outlet of window. The change of speed here is relatively large; the pressure drop is more obvious and the strength of vortex is more intense. Therefore, noise decibel of sound pressure here is relatively large. Fig. (19) is the contour of sound pressure of 70% opening. It shows that the peak of sound pressure is mainly concentrated in the lower half of the valve. However, the distribution is relatively uniform. The reason is same as the analysis of flow filed. When the window is reduced, fluid flow gets hinder and the change of flow rate at the outlet of window is also reduced.
CONCLUSION (1)
It can be obtained from the analysis of flow field that the pressure distribution of valve is symmetrical and the different flow paths are generally similar. Change places of pressure and velocity are mainly in the import and export position of the sleeve window. These places are easy to be cavitation. The throttling effect of the window makes the flow rate of the valve and the flow resistance increase, when the opening of valve is reduced. Fig. (18) . The contour of sound pressure of 100% opening. 
The distribution of sound directivity is symmetric and the noise of valve has dipole characteristic.
(4) When the opening of valve reducing, turbulence intensity, velocity and pressure fluctuations are increasing, which makes the amplitude of the sound pressure increase correspondingly.
(5) When the speed of valve changes rapidly, the intensity of turbulent eddies is increased; then the noise decibel of sound pressure is correspondingly increased. And the peak of sound pressure is concentrated in the strongest areas of pressure drop.
